Introduction
Air pollution has been introduced as the fifth risk factor for health in the world [1] . High concentrations of particulate matter with aerodynamic diameter <10 µm (PM 10 ) and <2.5 µm (PM 2.5 ), ozone (O 3 ), nitrogen dioxide (NO 2 ), etc. have been recorded worldwide [2] [3] [4] . This has brought a significant attention to air pollution research. Many epidemiological studies have been investigating the relationships between exposure to various air pollutants and different health outcomes [5, 6] . Health impact assessment studies evaluates the impact of reduction or increase in air pollution levels caused by the environmental, industrial and political strategies and decisions. In addition, the study on the temporal trends, spatial variability, and affecting factors of air pollution is always important in urban environments [7] .
The wide range of studies about air pollution requires accurate and reliable datasets [8] . In addition to short-term campaigns of air quality measurements for research purposes, many cities provide continuous measurements using air quality monitoring stations. However, due to many reasons such as power outage, device failure, lack of calibration, etc., the collected data may be incomplete or biased [9] . The use of this raw data in research leads to the inaccurate, unreliable, and biased results. Therefore, an important step in air pollution studies using the data from air quality monitors is to handle and evaluate the validity of raw datasets [10] . In addition, since different types of air quality monitors have been designed and operated, the certain types of monitors should be selected for different research objectives [11] [12] [13] . In should be noted that these procedures are different from those used in the data audit of monitors after the data obtained. Health-related agencies and organizations have published several guidelines for air quality data handling and validating, i.e. exposure assessment [8, 11, 14] Work Package 5, Deliverable D5, April 2011. The main objective of these guidelines is to obtain the air pollution concentrations that are representative of the population's average exposure to air pollution [15] . The first criteria is the selection of proper stations. For instance, the proper stations for health impact assessment of particulate matter, NO 2 , and ozone are urban, urban, and urban + suburban stations, respectively. The second and main criteria in these guidelines is the percentage of data completeness that are proposed to be more than 50%, 75% or even 90%. In addition, zero, negative and other logically invalid values that sometimes are present in dataset should be deleted. Fourth, the concentrations of pollutants should be averaged over certain time periods. For particulate matter and ozone, 24-h averages and maximum of 8-h moving averages during a day are normally accepted. The averages should be calculated only for days that 75% of hourly concentrations (18 h) are present. In case of 8-h averaging, the 8-h averages should be calculated for those parts of a day that 75% of data (6 h) are present. In conclusion, exposure assessment is a highly critical step in air pollution studies. Several theoretical guidelines are developed by national and international agencies. However, those guidelines may not be applicable and feasible in most cases, especially in other parts of the world. In addition, the development of an easy-to-use and reproducible exposure assessment method is required for researchers. Therefore, in this article, we describe and present a series of codes written in R Programming Language for data handling, validating and averaging of PM 10 , PM 2.5 , and O 3 datasets.
Software Description
The usage of software We developed easy-to-use codes written in R Programming Language for data handling, validating and averaging of PM 10 , PM 2.5 , and O 3 . These codes can be used in any types of air pollution studies that seek for PM and ozone concentrations that are indicator for those concentrations have been experienced in urban environments. These studies can be epidemiological studies, health impact assessments, spatiotemporal investigations, etc.
The methods and equations used
We used and combined criteria from several guidelines proposed by US EPA and APHEKOM project to obtain an acceptable methodology [8, 11] Work Package 5, Deliverable D5, April 2011 plicable in many cities and for many datasets. tion steps, and outputs of codes presented in this article. It should be noted that all of these steps will be accomplished automatically, once after the user opens the codes in R Programming software, and runs them. In case of input file, for PM and O 3 separate .csv files should be prepared. This comma delimited .csv file that should be named "Dataset" consists of unlimited number of columns that each column contains hourly concentrations of PM or O 3 in each monitor. Each column should have a title, i.e. the name of monitor. The user should set the working folder of R software to the folder that "Dataset" exists, using these steps: file > Change dir. After the file was imported to the R Programming software, first, negative values of concentrations within all the dataset will be removed. Second, zero concentrations in the dataset will be deleted. After the logically invalid values were removed from each monitor, only monitors will be selected that have at least 75% of hourly concentrations, i.e. do not have more than 25% missing concentrations. Fourth, the concentration of pollutant in each hour among all the monitors will be averaged to obtain the hourly concentration at city levels. Then, 24-h averages and daily maximum of 8-h moving averages will be calculated for PM and ozone, respectively. For calculating 24-h averages of PM 10 and PM 2.5 , the codes calculates the arithmetic averages of concentrations during each day. Finally, 365 or 366 daily (24-h) averages will be calculated for a whole year. For calculating daily maximum of 8-h moving averages of O 3 , first, the codes calculates the arithmetic 8-h moving averages during each day. For each day, twenty-four 8-h moving averages will be obtained in this step. Then, the maximum of those 8-h moving averages in each day will be selected and reported as the "daily maximum of 8-h moving average" of ozone. Finally, 365 or 366 daily maximum of 8-h averages will be selected for a whole year. For output, the codes create two different sets of data. One contains the hourly concentrations of the interest pollutant (PM 10 , PM 2.5 , or O 3 ) in valid stations and their average at city level. Another is the final 24-h averages of city for PM 10 and PM 2.5 or the final daily maximum 8-h averages of city for O 3 . These two file will be in the .csv format.
Advantages and limitations
These codes solve a major problems for researchers working on air pollution. These validated codes use a reliable and valid methodology, and eliminate the possibility of wrong or mistaken data handling and averaging. The user has the least involvement in the process, and only should prepare a raw dataset, and enter and run the codes in the R Programming software. Another advantage is the generation of two different sets of data that can cover the users' requirements for their research purposes. In addition, the use of these codes do not need any other packages, and all the calculations are set to be performed only by using built-in codes of R. However, the use of these codes may have some limitations. First, the user should have some basic knowledge about how to work with R Programming software. Although, these codes require very low levels of R knowledge. Second, researchers may want to conduct their studies on other pollutants rather than PM 10 , PM 2.5 , and O 3 , and this methodology cannot cover their needs. Of course, that can be the subject of future developments of these series of codes.
Practical usage of software
In this section, we present and test the instruction and performance of the codes developed for the validation of PM 10 , PM 2.5 , and O 3 concentrations. Fig. 2 shows an example of input data for the codes. This prototype dataset is actually the real PM 2.5 concentrations recorded in 27 air quality monitors of Tehran during 2017-2018. Every column belongs to the hourly concentrations of PM 2.5 in a specific monitor. The same format should be provided for PM 10 and O 3 data. This Fig. 1 . Flow diagram of inputs, calculation steps, and outputs comma delimited .csv file should be named as "Dataset". Then, the user should set the working folder of R software to the folder that the "Dataset" file exist. Fig. 2 shows the procedure for setting the direction of working folder in R software. Once the direction folder was set, the user should copy and paste the codes to R editor. Fig. 4 shows the codes for PM 2.5 validation in R editor. The six un-selected lines above are the guide to use the codes. The blue-highlighted part is the codes that user should select and run. After running the codes, R automatically loads the "Dataset", and performs all of the calculation steps, and creates two different sets of outputs as it was mentioned before. The same process can be performed for PM 10 and O 3 . Tables 1 and 2 show the outputs of validation codes in form of .csv files. In Table 1 , the hourly concentrations of 15 valid air quality monitors and hourly averages of city are presented. Remember that the initial raw data contained the data from 27 monitors, that validation codes have excluded 12 invalid monitors. In Table 2 , another outputs of validation codes are illustrated. This .csv file includes daily averages of PM 2.5 in the city. Similar files will be created for PM 10 and ozone, except that in case of ozone, the daily average file includes 365 (or 366) daily maximum of 8-h moving averages.
Availability and requirements
The package of three sets of codes for validation PM 10 , PM 2.5 and O 3 datasets are available at: (https://bit.ly/2sJtAi5). The codes will be also freely available upon request from the corresponding author (Mostafa.hadei@gmail.com). These codes have been written using R Programming Language. The use of these codes are free and without any limitation, only after the citation to this article. i5). The codes will be also freely available upon request from the thor (Mostafa.hadei@gmail.com). These codes have been written using R guage. The use of these codes are free and without any limitation, only after article.
ts Table 2 . Output: daily averages of PM 2.5 in the city
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